Aerosol chemistry is often studied without considering microbial involvements. 28 Here, we have applied a high-volume (1 m 3 /min) aerosol sampler and the Orifice Uniform Deposit Impactor (NanoMoudi) along with molecular and microscopic 30 methods to investigate time-and size-resolved bacterial aerosol dynamics in air. Under 31 high particulate matter (PM) polluted episodes, bacterial aerosols were detected to 32 have a viability up to 50-70% in the 0.56-1 μm size range, at which elevated levels of 33 SO4 2-, NO 3and NH 4+ were concurrently observed. Engineered or acclimated for both 34 pharmaceuticals and wastewater treatment, bacteria such as Psychrobacter spp.,
detected during the daytime, especially in the size range of 0.32 to 0.56 μm during the 225 haze episode. For the C-Day as referred in Figure 1 , the metal As (coal combustion 226 indicator) seemed to have shifted from size of 0.32-0.56 μm during the night to the 227 size of 0.56-1 μm during the day. For Ni, even for the clear day (A) higher concentration 228 levels were detected in the size range 0.56-1 μm, and no elevated levels were detected 229 during the haze episodes, suggesting that Ni contribution from fugitive dusts or 230 industrial activities might be insignificant for the haze formation studied in this work. 231 For both size ranges (0.32-0.56 μm) and (0.56-1 μm), metals such as Mn, Cu, Se, Ba 232 and Pb were detected to have higher levels than those during the clear day. As can be 233 seen from the figure, during the nighttime higher element Se levels were detected for 234 the C-day (higher PM2.5 levels) in the size range of 0.32 to 0.56 μm, however during 235 the daytime peak Se levels were found in the size range of 0.56-1 μm, suggesting Se-236 containing particles have possibly shifted from smaller sizes to larger sizes. Se is an 237 indicator for coal combustion, and its elevated levels in the particle peak size suggest 238 the coal combustion was one of the driving factors for the haze formation.
240
To further study PM2.5 formation during polluted days, we analyzed the K, P, and 241 Ca elements from bio-mass burning in the PM samples for different size ranges as 242 shown in Figure 1 (B) and Figure S3 . The data in these figures suggest that the elements 243 such as K might have shifted to different size ranges during the dynamic aerosol 244 processes. Here, we have also studied SO4 3-, NO3and NH4 + concentration levels in the 245 particles of 0.32-0.56 μm and 0.56-1 μm, and as observed in Figure 1 (C) their 246 concentration levels were all elevated during the high pollution episodes (e.g., the C-247 day with higher NO2 levels as shown in Figure S2 (Supporting Information)) in contrast 248 to low levels (e.g., the A-day). Literature data show that during a typical haze episode 249 of Beijing sulfate production ( Figure S2 showing a higher SO2 level between 13 and 14, 250 Sept , 2017) is a major contributor to PM2.5 increase (Wang et al., 2016) . Here, we also 251 investigated the toxicity of size-resolved PM samples collected from different time 252 periods (daytime and nighttime) and found as shown in Figure 1 (D) that for the size 253 ranges of 0.24-0.74 μm the average PM2.5 toxicity (oxidative potential) was higher 254 during the night than during the day though at a lower confidence level (p-value= 255 0.190), suggesting possible particle composition change during the day. For example, 256 metals such as Fe and As, contributors to PM oxidative potential, in smaller sizes were 257 observed here to have shifted to larger ones. Overall, the observed particle loadings 258 and related chemical compositions here agree with those reported in the literature. and C-Day, the total bacteria have decreased from nighttime to daytime, however for 278 the B-day the total bacteria increased from nighttime to daytime. In addition to 279 microscopic analysis, we have also performed qPCR analysis for the size-resolved 280 bacterial aerosol samples as shown in Figure S6 (Supporting Information). Overall, the 281 qPCR data agreed well with the microscopic data (Supporting Information Figure S4 ).
282
The total bacteria seemed to have decreased from nighttime to daytime, however for 283 a particular size range, e.g., 0.56-1 μm, their percentages have increased from 284 nighttime to daytime. Overall, these data revealed that bacterial levels in the size 285 ranges of 0.56-1 μm have changed from nighttime to daytime, implying a changing 286 bacterial aerosol dynamic under different time and pollution conditions. Using BackLight DNA stain method, 50-70% of viable bacteria were found in the 289 size range of 0.56-1 μm as observed in Figure 2 (B) and Figure S4 , S5 for the A-day and for the C-day (haze disappearing day) was noted. In contrast, during the nighttime, the 292 peak for viable bacteria about 30% was found at 0.32-0.56 μm for B-night, close to 60% 293 found at the 0.56-1 μm for C-night and about 10% for the A-night (Supporting 294 Information Figure S5 ). The size-resolved percentages of viable bacteria for three 295 different days (A-"biomass burning" day, B-"haze formation"day, C-"haze disappearing" 296 day) were observed to have changed substantially (Supporting Information Figure S5 ). Figure S2 ) ; D) Size-resolved (10 nm-20 μm) particle toxicity measured 726 using DTT method during night and day as shown in Figure 1 (B) . Air samples were 727 collected using the NanoMoudi sampler at a flow rate of 28 L/min for 12 hours during 728 the Day (7:00 AM to 19:00PM) and 10 hours during the Night (20:00PM to 6:00AM) on 729 Sept 11-13, 2017. (Cheng et al., 2016) (hypothesized)
